Abstract
The chemistry of selenium (Se) in the environment has long captured the interest of 27 researchers from a variety of disciplines. Given that it is an essential trace element for humans 28 and animals 1 and is also sometimes an environmental toxin, 2 understanding the complex 29 behavior of Se in environmental systems is of great importance. Depending on biogeochemical 30 processes and redox conditions, Se can exist in a variety of oxidation states (-II, -I, 0, IV, VI) 31 with greater mobility at higher redox potentials. 3 Owing to its ability to bio-accumulate in the 32 food chain, Se concentrations in water deemed harmful to aquatic life are low relative to other 33 elements (e.g., Fe, Mo, Zn, Cu) essential to life. 2, 4 Surface water (oxic to suboxic environments) 34 where Se concentrations exceed guideline values (typically ≥ 1 µg L -1 ) are generally attributed to ). 5, 6 Reports of other inorganic 37 and organic forms, in addition to the ubiquitous Se IV and Se VI , have been described in aquatic 38 systems that are biologically productive or impacted by industrial effluents (e.g., natural organic 39 matter containing Se, Se-NOM; selenocyanate, SeCN -). 6, 7 Selenium species are also known to 40 differ with respect to bioavailability. 8 Therefore, the fundamental challenge to understand Se in 41 the aquatic environment is the low concentration combined with the need to understand its D r a f t 4 chemically altered through online or offline oxidation and reduction reactions to obtain Se VI and 49 reduced Se species by difference.
50
The SSHG method is a first step towards the chemical speciation and has some advantages: 51 i) it can be used to incorporate colloidal and particulate Se 13 ii) it is effective for saline waters
52
(e.g., sea water) to bypass chromatographic interferences and iii) when coupled with appropriate 53 detection technique such as atomic fluorescence, it has excellent sensitivity, even at low 54 concentrations (LOD typically < 10 ng L -1 ). Modifications to this method have also been made to 55 limit bias resulting from the decomposition of organo-Se molecules during heat-acid reflux, 14 Se species using this set-up was deemed possible.
221
The results showed that SeMet and MeSeCys had a relatively high affinity for the stationary 222 phase and eluted in a short time (<5 minutes) with consistent peak shapes and good separation 223 ( Figure 1B) Se, this isotope will not be discussed in detail, however it is still useful in the data evaluation 242 stages to distinguish Se from interferences.
243
The importance of using a reaction cell gas (H 2 ) is further highlighted by an observed 244 increase in sensitivity as compared to the previous method that utilized He collision cell 245 performed on the same IC-ICP-MS. 24 Using reaction gas and the method described here, the should not be used in this particular scenario as it has been reported that these cartridges remove
263
SeMet along with other halogen ions. 26 
264
The potential influence of HCl on this method was also evaluated for two main reasons: i) it
265
has been described as a preservative (in addition to refrigerated storage) used to stabilize Se IV
266
and Se VI in water samples 33 and ii) it is known to contain trace amounts of Br. (Table 3) . Accuracy of total Se measurements was assessed using NIST 1640a
291
(diluted 50 times). Full details for all QA/QC are provided in Table 3 . 
Se speciation in natural waters

293
Water samples from three rivers and one rain event were used to evaluate the method. Figure   294 3 displays the Se speciation in those water samples, with each river having slightly different whereas the Athabasca River is well known for its complex dissolved organic matter consisting 307 of humic material as well as bitumen derived compounds from bituminous sand outcrops.
37,38
308
Rain water was selected for analysis using this method because concentrations are usually 309 low and therefore requires the level of sensitivity demonstrated here. Moreover, because Se 310 speciation in rain water has been documented using various analytical techniques, it offers some 311 additional insight into performance relative to other methods using a similar matrix. Unlike 312 snow, Se IV is commonly the predominant oxidation state in rain water. 11, 34, 35, 39 The results for 313 rain water from Edmonton (Table 4) The method was found to be effective for water samples with a very simple matrix (low 319 salinity and NOM concentrations), but its performance with more complex matrices was not 320 critically evaluated. A comprehensive study is necessary to fully evaluate the effect of competing 321 ions (e.g. sulfate) and any necessary sample clean-up steps. This would help expand its 322 application toward samples with greater ionic strength, such as seawater or industrial effluents.
323
There is also an inherent disadvantage associated with using a low pH mobile phase on water River, the form(s) of the unidentified Se fraction in these waters remains unknown; however,
336
given the complex chemistry and array of organic compounds present in peat bog water, it may 337 be possible that a significant portion of the Se was incorporated into NOM. Table 4 for the corresponding concentrations. Figure 4 . Selenium speciation of chemically complex peatbog surface water. A signal response from all three Se isotopes appear at 300s, which suggests that it is Se being detected, but 80 Se signal had the lowest response and therefore it's likely that a different spectral interference is at play here. A second Br peak was also observed (~225s), possibly indicating the presence of another form or column artifact due to the very high concentration of Br 
CONCLUSIONS
